Lignin is the second most abundant naturally occurring macromolecule found in plant cellwall, vascular components and woody stems. It is the largest renewable source of aromatic biopolymer. However, lignin is recalcitrant to be broken down by most chemicals. This is because of its complicated heterogeneous molecular structure. However, lignin depolymerization has huge potentials for the synthesis of a number of useful chemicals, perfumes and pharmaceuticals and toiletries. The oxidation products of lignin are important precursors for pulp/paper and food industries, synthetic thin films. Vanillin, veratryl aldehyde and para-benzoquinone are the oxidation products of lignin. These chemicals are the precursors of optically active alcohol, ketone, violuric acid and benzaldehyde. However, the oxidation of biolignin has been remaining a challenging task. Green catalytic approaches might be an interesting solution for the selective depolymerization of lignin into various platform chemicals.
Introduction
Lignin is a Latin word originated from lignum, meaning wood, described by Payen in 1838, and chemically defined by Schulze in 1865. It is a hydrophilic substance present in plant cell walls. It is linked by chemically and physically with the other matrix components of the cell walls such as cellulose and hemicelluloses [1] . This linking results increased impermeability, mechanical strength and rigidity of the plant cell walls; it also gives the cells a greater resistance to microbial attacks. Hence, the concentration of lignin in the middle lamella and the primary wall is higher than the concentration in the secondary wall [2] . The lignin oligomers lack a defined primary structure, rather it represents random phenyl-propanoid (C9) polyphenols, which are mainly linked by arylglycerol ether bonds between phenolic para-coumaryl alcohol (H-type), coniferyl alcohol (Gtype), and sinapyl alcohol (S-type) units [3, 4] . Lignin is chemically recalcitrant to breakdown by most chemicals because of its complicated heterogeneous structure. Catalytic oxidation of lignin is important pathway for the synthesis of a number of essential drugs, chemicals, perfumes and pharmaceuticals.
Recently, many catalysts have been used for lignin oxidation. One of the powerful and promising oxidative catalysts is methyltrioxo rhenium, which is environmental friendly but it suffers from the lack of selectivity. On the other hand, cobalt sulphosalen is active catalyst for oxidation of phenolic and non-phenolic lignin compound. However, it is not stable and also its activity decreases with pyridine. Again, Molebdovanado phosphat polyanion is another potential catalyst but its mechanism of oxidative degradation is unknown. Mn(iv)-Me4DTNE complex catalyst is environmentally friendly because of the formation of large amount of chloro-organics. This paper proposes silica supported gold nanocatalysts, which is one of the best catalyst and used selective oxidation of lignin to produce platform chemicals using TBHP as an oxidant. Platform chemicals are increasingly being considered as a one of sources for the production of [5] .
Synthesis of Gold Catalyst
The gold catalyst on different mesoporous silica materials (MSM) can be prepared with direct synthesis method, which is also known as co-condensation or one-pot synthesis.VTES as functionalizing agent of Au/SBA-15 catalysts can prepared by a one-pot method, using a TEOS:VTES and HAuCl4 solution as gold precursor according to Wu et al. [6] . After stirring and hydrothermal treatment, the solid was filtered, washed and dried, prior to template removal by extraction with ethanol. The resulting catalyst retained the ordered mesostructure of SBA-15, and the AuNPs (~5 nm), present as metallic AuO, were anchored and evenly dispersed in the functionalized SBA-15. The high activity and selectivity for the solvent-free selective oxidation of cyclohexane using this catalyst indicated that VTES may be a good functional group to prepare Au/MSM catalysts by direct synthesis.
Candidate Catalyst
Methyltrioxo rhenium: Methyltrioxo rhenium (MTO) is the simplest organometallic compound containing Re(VII) which activate the truly oxidizing speices, moleculer oxygen or hydrogen peroxide. Activation of hydrogen peroxide happens with the formation of two peroxorheneum intermediates, a mono-peroxo η 2 -complex and bis-peroxo η 2 -complex, both stability and reactivity of these species completely depends on the reaction condition. The transfer of oxygen from these peroxo-complexes to the substrate that happens in a concerted mechanism which includes a butterfly-like transition state [7] . MTO is able in mild conditions to activate H 2 O 2 for the oxidation of substituted phenols and methoxybenzene derivatives to corresponding benzoquinones, some of which are characterized by important biological activities [8, 9] . In some cases, products of over-oxidation and successive ring opening of the benzoquinone moiety, such as muconic acid derivatives and di-lactones, were also observed (for an example of oxidative cleavage of natural phenols with MTO [10] ). Recently, studies on the oxidation of both lignan and neolignan derivatives with MTO and H 2 O 2 have been performed to evaluate the potentiality of this catalyst system in the oxidative functionalization of lignin [11] .
The oxidation of lignin and lignin model compounds was successively performed with heterogeneous rhenium catalysts based on the heterogenation of MTO on low cost, no toxic and easily available polymeric support. However, this catalyst has lack of selectivity.
Salen complexes: Salen complexes of various transition metals [M(salen)] are widely used in organic chemistry to oxidise a great variety of substrates by activated molecular oxygen or hydrogen peroxide [12] . Especially cobalt salen ([Co(salen)]) complexes, which had been shown to be compatible with aqueous reaction media [13] , were successfully used in various studies on oxidative lignin transformations. The oxidation proceeds mechanistically via the initial formation of a phenoxy-radical, which reacts with molecular oxygen to ultimately form oxidized lignin model compounds [14] [15] [16] [17] . 
Polyoxometalates (POMs):
Polyoxometalates can activate hydrogen peroxide and molecular oxygen for the oxidative valorisation of lignin and its various model compounds, and the procedures developed are reported as ''green'' alternatives for the oxidative valorisation of lignin. The POM-based oxidation proceeds via different pathways for phenolic and non-phenolic substrates. Phenolic substrates like 60 react supposedly under formation of a phenoxy radical, that is immediately further oxidised by a second POM equivalent to form a cyclohexadienyl cation, leading to the depolymerisation products shown in, mainly quinines and benzoic acid derivatives. Both phenolic and non-phenolic substrates were also shown to react under successive oxidation of the benzylic position. Micro/Nano Science and Engineering
Application
Vanillin production from lignin oxidation is a biomass based process that employs a byproduct of pulp and paper industry and air to obtain a high-added value compound. Vanillin is the major flavor constituent of vanilla. It has a wide range of application in food industry and perfumery. Vanillin is also useful in the synthesis of several pharmaceuticals chemicals. Low level of lignin and modified lignin can yield high performance concrete strength aid, concrete grinding aid and reduced damage of building external wall caused by moisture and acid rain. Lignin provides thermal protection tostyrene, butadiene, rubber polymer, polypropylene, polycaprolactam and also acts as free radical scavengers. Phenols prepared by taking lignin reacting with a H-supplying solvent deploymerization provides routes to Cresols, Catechols, Resorsinols, Quinones, Vanillin, Guaiacols. Lignin enhances the performances of energy storage devices. Alkaline fragmented/purified lignin mined with diesel using surfactants/emulsifies.
Conclusion
Gold nanoclusters synthesized on various substrates have demonstrated extraordinary catalytic activity in a wide number of chemical conversions. However, they are not been applied for lignin oxidation to platform chemicals. Since the chemical treatments are environmentally unfriendly and biological process are extremely slow, the development of gold catalysts on various substrates would find a wide ranging applications in lignin conversion chemistry.
